Introduction
In China, coronary heart disease (CHD) is the second leading cause of death [1e3] . The treatment of CHD and other chronic illnesses typically involves long-term pharmaceutical therapy [4] . Particularly for patients with CHD, taking cardio-protective medications can prevent the enlargement of harmful clots [5] , cardiovascular symptoms, and poor therapeutic outcomes, such as uncontrolled high blood pressure, hyperlipidemia, arrhythmia, heart failure [6] , and sudden cardiac death [7] . These medications, which include antiplatelet drugs, b-blockers, statins, and angiotensin-converting enzyme inhibitors, can thus reduce the risk of mortality due to CHD [6, 8, 9] . However, in China, poor adherence to cardio-protective medications has been cited as a public health concern [10, 11] . This poor adherence to cardioprotective medications has been linked to increases in healthcare costs due to poor therapeutic outcomes typically requiring major medical interventions, such as coronary angioplasty and coronary artery bypass grafting [12] . In fact, improving the adherence to pharmacotherapy for chronic illnesses, such as hypertension and hyperlipidemia, which are two leading risk factors of CHD, has been shown to yield extensive health and economic benefits [13] . Conversely, neglecting medication adherence could render futile any effort to treat CHD [14] , and cause severe adverse health outcomes. Therefore, it is critical to improve medication adherence among patients with CHD in China.
In China, local primary healthcare clinics are often not the first choice for treatment. Instead, patients with serious illnesses such as CHD prefer to utilize hospitals. Consequently, many of the 100 million people diagnosed with CHD in China [15] receive prescriptions and medication-related knowledge in hospitals only without a primary care clinician to monitor their treatment. Under this healthcare utilization model, patients are often not provided with proper treatment maintenance and knowledge regarding their medication-taking behaviors [16] . This lack of follow-up care decreases patients' awareness of the importance of taking medications the way they were prescribed.
China has 1.28 billion mobile phone users [17] , and 81% of total Internet users in China access the Internet by using a mobile phone [18] . These conditions in China are ideal for implementing a mobile technology (mHealth) intervention to improve health and practice. However, the use of mHealth to improve medication adherence among Chinese patients with CHD is in its infancy. In this study, we proposed to use mHealth as a tool to increase CHD patients' access to care and care delivery. The purpose of this study was to evaluate the feasibility of using mHealth as a tool to assist CHD patients to take their cardio-protective medications.
Methods

Mobile health technologies
In this study, two mobile applications (apps) were used, WeChat and BB Reminder. WeChat is the most widely used cell-phone messaging app in China [19] . On average, WeChat users spend 70 min per day on the app [20] . WeChat's functions include creating group chats, live chats, video calls, and sending messages, files, and voice notes. Every WeChat account has its own account name and QR code that are connected to a mobile phone number. BB Reminder is a medication-reminder app. By adding a patient's WeChat account to the BB Reminder, a clinician can send personalized medication-taking reminders through messages on WeChat to the patient.
Study design
This study was conducted in two phases with patients from a Cardiology Department in a major university-affiliated hospital, located in southern China. Phase 1 lasted for three months (from June 16, 2016 to September 19, 2016) and was completed to allow for refinement of the intervention. With the adjustment made from information gathered from Phase 1, Phase 2 lasted for two months (from May 17, 2017 to July 18, 2017). The cohorts of participants in the two phases were mutually exclusive.
Both phases included an exploratory randomized controlled trial (RCT; N ¼ 49 in Phase 1, and N ¼ 50 in Phase 2) and qualitative interviews (n ¼ 4 in Phase 1, and n ¼ 10 in Phase 2). In Phase 1 RCT, participants assigned to the experimental group received a reminder for every dose of their medications and educational materials every other day. In the Phase 2 RCT, participants assigned to the experimental group received a daily medication-taking reminder and educational materials every five days. For both phases, participants in the control group only received educational materials, and the duration of the study was 30 days for each participant.
Interventions
In Phase 1, participants in the experimental group received medication-taking reminders and educational materials from the two mobile apps, BB Reminder and WeChat, respectively. All participants in this study received the same educational materials via WeChat. The educational materials were sent every two days at a random time between 8 a.m. and 10 p.m. These educational materials retrieved from the Chinese Cardiovascular DiseasePrevention Information Website were curated into short articles (<500 words) and pictures. The educational materials were screened by a cardiologist and a nurse to assure their accuracy before being sent to participants. Participants in the experimental group also received medication-taking reminders. These reminders were sent through BB Reminder on an unencrypted device (iPhone 5; used only for research purposes). BB Reminder has the function that after inputting a patient's phone number and prescriptions, participants can receive reminders through text messages on WeChat of the name, dosage, function, and administration route for every dose of his/her medication. The reminders were sent to participants 15 min before they were supposed to take their medications.
The intervention of Phase 2 was refined based on Phase 1 (see Table 1 ). The intervention also involved daily reminders and educational materials sent via BB Reminder and WeChat. All participants in this study received the same educational materials via WeChat, however, the educational materials were not sent every two days, but every five days at a random time between 9 a.m. and 9 p.m. These educational materials retrieved from the World Health Organization website (http://www.who.int/features/qa/27/ zh/) and were curated into a library. Like Phase 1, the educational materials in Phase 2 were also screened by a cardiologist and a nurse to assure their accuracy before being sent to participants. In Phase 2, participants in the experimental group received one-daily medication-taking reminders rather than receiving a reminder for every dosage of their medications. These reminders were also sent through BB Reminder on an unencrypted device (iPhone 5; used only for research purposes). The daily reminders were sent to participants every day at a random time between 9 a.m. and 9 p.m.
After the intervention, an interview invitation was sent out via WeChat to all the experimental group participants in Phase1 and to all participants in Phase 2. Those who accepted the invitation were interviewed via phone calls by a study coordinator who had been well-trained in conducting interviews. The purpose of the interviews was to obtain the participants' feedback on the intervention. The interview questions included "What do you think of this mHealth program?", "What do you think of the reminders? Would they work?", and "What do you think of the educational materials received on WeChat?"
Participants
Inclusion criteria
This study gained ethical approval from Duke Health Institutional Review Board (Pro00073395) and was allowed to be conducted in the clinical site located in China (the Cardiology Department of West China hospital). Inclusion criteria for Phase 1 and Phase 2 were the same: (1) a medical diagnosis of CHD; (2) aged 18 years or older; (3) taking an antihypertensive medication that would last for 30 days or more from enrollment; (4) able to read messages through mobile phone; (5) have a mobile phone that can receive messages from WeChat, and can receive reminders from BB Reminder; (6) capable of giving his/her own consent; and (7) have an electronic blood pressure cuff to check blood pressures and heart rates.
Recruitment
Participants were recruited by using flyers and healthcare provider referral for both phases. Study flyers were available to the public at the clinical site. Additionally, a head nurse and an experienced cardiologist contacted potential participants in the Cardiology department. For those who agreed to participate in the study, a meeting was arranged in the office of the Cardiology Department during dates and times convenient for the patients and eligibility was assessed. For those who met the eligibility, the details of the purpose and procedure of the study were explained. If they agreed to participate, they were asked to sign the informed consent form. The participation was voluntary. Participants were always given the option to consent or decline.
Demographic and outcome variables
Participants' demographic characteristics were collected at enrollment by the study coordinator through a paper-based questionnaire and an online questionnaire via WeChat at Phase 1 and Phase 2, respectively. Demographic variables including gender, race, marriage status, job status, educational level, medical insurance, and living area were coded as categorical variables. Numerical baseline variables included the number of prescribed medications, family income, weight, and height.
The four outcome variables in this study were medication nonadherence score, health rate (HR), systolic blood pressure (SBP), and diastolic blood pressure (DBP). Medication adherence was measured as the number of dosage taken by a patient divided by the number of dosage prescribed by physician (percentage) during Phase 1, and by the Voils Medication Non-Adherence Extent Scale [21] , a five-point Likert scale with three items, during Phase 2. For the Voils Medication Non-Adherence Extent Scale, a total score of non-adherence was calculated by averaging responses to the three items. The lower the non-adherence score, the better the medication adherence.
We compared the effects of the mHealth intervention and control condition on medication adherence, systolic (SBP) and diastolic (DBP) blood pressures, and heart rate (HR). Health outcomes (SBP, DBP, HR) were reported by participants via WeChat every three days during Phase 1 and at three time points: enrollment (baseline), 15 days post-enrollment and 30 days postenrollment during phase 2. The three time points were decided based on the Voils Medication Non-Adherence Extent Scale [21] and the feedback from Phase 1.
Procedures
Since the procedures of Phase 1 and Phase 2 were similar (see Table 1 ), in this article we only described the procedures of Phase 2. Following informed consent, participants who completed the baseline assessment were randomly assigned to an experimental group using stratified randomization by gender with a permuted block size of four. This is because Phase 1 of this feasibility study showed that the ratio of male to female participants was 8:3. Thus, we sought to balance the sample size of female participants in experimental group and control group.
The study coordinator sent "friend requests" to participants' WeChat accounts. A "friend request" is an invitation to connect on WeChat. After accepting the requests, participants could communicate with the study coordinator. The intervention was planned for 30 days for each participant. Participants' medication nonadherence score, SBP, DBP, and HR were examined and documented at three time points: at enrollment, on the 15 th day, and the Completing the paper-based questionnaire at hospital was not convenient for many participants. A hyperlink sent to WeChat provided participants more flexible time. Participants could complete the survey at anytime when they were free. Reminder Participants in the experimental group received a reminder for every dose of medication.
Participants in the experimental group received a daily reminder.
In China, participants had the right to decide when to take each dose of their medications, although the frequency of each medication was prescribed by physicians. Because of this reason, many participants could not tell the researchers when they were going to take their medications at the enrollment. Educational materials All participants received them every two days at a random time between 8am and 10pm.
All participants received them every five days at a random time between 9am and 9pm.
Receiving educational materials every other day is too frequent for elderly participants to digest the included knowledge. Also, 10pm is a little bit late for many elderly participants to read educational materials. Medication adherence measurement
The number of dosage taken divided by the number of dosage prescribed (percentage).
A standardized three-question scale named Voils Medication Non-Adherence Extent Scale (thereinafter named Voils scale).
Some participants forgot the number of dosage they taken, and others might lie about the number of dosages they taken. Medication adherence collection
Participants reported every 3 days on WeChat. Researchers documented the data on paper.
The Voils scale was created in REDCap. A hyperlink of it was sent to participants on WeChat every 15 days. Participants reported medication adherence by clicking the hyperlink and filling the scale.
Reporting every 3 days is too frequent for many participants.
Health outcomes collection
Within the Voils scale hyperlink, participants were asked to report their health outcomes. Participants reported them by clicking the hyperlink and filling SBP, DBP, and HR.
Interview
An interview invitation sent to the participants in the experimental group. Those who accepted were interviewed by phone call.
An interview invitation sent to all participants. Those who accepted were interviewed by phone call.
Given the small sample size, the research team wanted to hear feedback from participants. 30 th day. After the intervention, the study coordinator sent an interview invitation to all participants via WeChat. Those who accepted the invitation were interviewed through a WeChat phone call. Interviews (n ¼ 10) were conducted by the study coordinator to explore participants' experiences with the mHealth intervention. The interviews were recorded and the audio files were stored on a secure server.
Data analysis
The purpose of Phase 1 was to test whether the integration of WeChat and BB Reminder could be used as an intervention in a clinical setting. Since improvements to the study were made in Phase 2, in this article, we only described the data analyses and results of Phase 2. Descriptive statistics, frequency (n) and percentage (%) for categorical measures and count, mean, standard deviation (SD), were reported to detail the demographic and clinical characteristics of the entire sample. Independent t-tests and chi-square tests were used to test for between-group difference in sample characteristics as well as medication adherence total scores and patient health measures at baseline. Wilcoxon Two-Sample Test was used if two sample t-test assumption was not met. Fisher's exact test was used as alternative when chi-square test was not applicable due to small expected cells. When a significant between-group difference in a baseline demographic or clinical characteristic was detected, the variable was evaluated as a covariate in the modeling stage. All statistical tests were non-directional and conducted with a 0.05 significance level. Quantitative data were collected and managed by using REDCap (http://www. project-redcap.org), a secure, web-based application. Analyses were performed using SAS 9.4 (Cary, NC).
This study explored whether mHealth intervention improved medication adherence total scores better over the 30-day period when compared to the control intervention in patients with CHD. The mean and standard deviation for all outcomes by different groups at each of the three time points were computed and graphed to show the trend. A two groups t-test was used to test the difference in change of medication adherence score from baseline to either 15 days or 30 days between the intervention and control groups. To account for possible difference in outcomes at baseline and correlations between repeated measures within same participant, a mixed-effects model with a random intercept and a random slope was used to test for between-group differences in the trajectory of change in all four outcomes: medication non-adherence, HR, SBP, and DBP. The fixed effects included in the model were intervention group (Experimental vs Control), time, the group-bytime interaction and other covariates that are significantly different between experimental and control group.
Feasibility was determined by the number of patients enrolled, retention (percent of patients who complete the study), and responses over time. The recorded interviews were transcribed verbatim by the study coordinator in Chinese. The transcriptions were double checked by a doctoral student fluent in Chinese. After the accuracy of the transcriptions was guaranteed, they were read line by line several times by the study coordinator and the doctoral student to explore participants' perceived benefits of the intervention, technical difficulties and barriers, and how often they read the reminders.
Results
Baseline characteristics
Participant characteristics are summarized in Table 2 . Overall, 50 participants were recruited in Phase 2, 25 each in experimental group and control group. Thirty-six participants completed the study, 18 each in experimental group and control group(see Fig. 1 ). The data analysis is based on the 36 participants. Of the characteristics examined, educational level (P ¼ 0.04) and body weight (P ¼ 0.02) were statistically different between the control and experimental groups. Most participants were Han people, married, and living in urban area. At baseline, 66.7% of the participants were prescribed at least five medications. Likewise, most participants reported their health statuses were fair or good. Eighty percent of participants reported using WeChat daily and had used WeChat for more than a year before the study.
Medication adherence and health outcomes
Medication adherence increased at 30-day follow-up in both groups compared to baseline(see Fig. 2 ). At the 30-day follow-up, the mean of the decrease in medication non-adherence score in the experimental group (M ¼ À1.35, SD ¼ 2.18, N ¼ 36) was more than the decrease in control group (M ¼ À0.69, SD ¼ 1.58, N ¼ 36) (Table 3) , which means the medication adherence improved more in the experimental group. However, this difference between the two groups was not statistically significant (t ¼ 1,
This study showed that when compared to the baseline, systolic blood pressure decreased at 30-day follow-up in the control group (M ¼ À3.76, SD ¼ 25.72), but increased in the experimental group (M ¼ 0.93, SD ¼ 10.40).(see Fig. 3 ) However, this difference was not statistically significant (P ¼ 0.51). Similarly, heart rate decreased at the 30-day follow-up in the control group (M ¼ À8.06, SD ¼ 13.66), but increased in the experimental group (M ¼ 4.64, SD ¼ 11.89).(see Fig. 4 ) This difference was statistically significant (P ¼ 0.01). Unlike systolic blood pressure and heart rate, diastolic blood pressure increased at 30-day follow-up in both the control group (M ¼ 8.71, SD ¼ 21.43) and the experimental group (M ¼ 0.81, SD ¼ 10.38).(see Fig. 5 ) However, this difference was not statistically significant (P ¼ 0.19).
Body weight was associated with heart rate and blood pressure. After controlling the effects of baseline body weight (kg), time, group, and the group-by-time interaction in the mixed-effects model, this study found that the difference in rate of change of medication non-adherence between the two groups were not statistically significant (b ¼ À0.03, P ¼ 0.28) ( Table 4) . The difference in rate of change of the systolic blood pressure (b ¼ 0.17, P ¼ 0.46) and diastolic blood pressure (b ¼ À0.27, P ¼ 0.17) between the two groups were not statistically significant either. However, the difference in change of heart rate between the two groups were statistically significant (P ¼ 0.02).
Feasibility and acceptability
Overall, 50 participants were recruited. Thirty-six finished the study and were responsive over the 30-day period, resulting in a retention rate of 72%. Ten participants were randomly interviewed after the study intervention. All interviewed participants reported that they were able to see the reminders and that receiving reminders on WeChat did not increase their cellphone costs. Five major themes arose from the participants' impression of the intervention (Table 5 ). Participants stated they enjoyed receiving medication-taking reminders on their mobile phones because "receiving the reminders makes me feel that someone is caring about me." In addition, all interviewed participants reported the reminders they received were helpful to remember to take their medications. For example, one participant stated, "Every morning I took my anti-hypertensives after waking up, but sometimes I forgot to take my other medications." Similarly, all patients showed appreciation and acceptability of receiving educational materials via the mobile app.
Discussion
The purpose of this study was to evaluate the feasibility of a phone-based medication reminder program aimed at improving medication adherence among patients with coronary heart disease. Phase 1 of the study tested the integration of WeChat and BB Reminder, and demonstrated that they can be used as a clinical intervention in clinical setting. Results from Phase 2 of the study demonstrated that participants in the experimental group improved medication adherence better than their counterparts in the control group during a 30-day period. However, this difference was not statistically significant. This non-significance might be due to the small sample size and short duration of the study.
Although the improvement in medication adherence was not statistically significant, this study does provide significant impact for the future. First, it demonstrated that using mHealth to provide health services and manage patient information is feasible among patients with coronary heart disease. Study results showed that 80% of participants were using WeChat daily and had used WeChat for more than a year before the study. In addition, 72% of participants completed the study and were responsive over the 30-day study period. The interviews of participants showed that the mHealth intervention was acceptable for all interviewed participants. These results demonstrated that a larger scale study of using mHealth to solve the prevalent issue of medication non-adherence among patients with coronary heart disease is feasible. Analyzing health outcomes including systolic blood pressure, diastolic blood pressure, and heart rate was not the primary goal of this feasibility study (see Figs. 3, 4 and 5) . However, the research team did analyze all outcomes and found that at 30-day follow-up, systolic blood pressure and heart rate were controlled better in the control group than the experimental group. These results contradicted our expectation that the mHealth intervention in this study could improve health outcomes. However, after taking a close look at the trajectory of the two outcomes (Figs. 4 and 5) , we found that at 30-day follow-up the two outcomes were within normal clinical range. In addition, this study found that participants in the experimental group were more likely to have a lower level of diastolic blood pressure during the study period (Fig. 3) . This indicated that the mHealth intervention in this study could potentially decrease diastolic blood pressure among CHD patients.
Despite the feasibility of the mHealth intervention and its possibility to improve health outcomes in clinical settings, limitations exist. For example, all participants in this study were recruited from one single hospital and most participants (91.7%) were from urban areas. In general, people living in urban areas have more access to the Internet and are more likely to use smart phones. Therefore, if this study was conducted in a rural area, the retention rate and acceptability rate might be different. Furthermore, this study is a feasibility study with a small sample size and short duration. Only 50 participants were recruited in Phase 2 and the mHealth intervention only lasted for 30 days. These could be the reasons that contributed to the non-significance of medication adherence improvement. Likewise, the non-significance of systolic blood pressure, diastolic blood pressure, and heart rate between the experimental group and control group could be due to this limitation. To validate our findings and generate more robust estimates of the effects of mHealth intervention on medication adherence and health outcomes, a larger randomized controlled trial with a longer duration is needed.
One important lesson we learned from this study that should be considered in other mHealth research is that mHealth interventions should be preprogramed and automated. In this study, the coordinator manually sent medication-taking reminders to every participant in the experimental group daily. When the sample size increased, the workload of manually sending reminders increased as well. Although in this feasibility study the study coordinator successfully sent all reminders to participants on time, this may not be the case in a larger scale study or in real clinical settings. It is possible that the heavy workload will interrupt researchers sending every participant a reminder daily. If this happened, the integrity and validity of the mHealth intervention would be damaged. To avoid this methodological issue, schedules Table 3 Compare the baseline and unadjusted changes in medication adherence and health outcomes between two arms (Mean ± SD). 
Table 4
Results of the mixed-effects model with a random intercept and slope for between-group differences in the trajectory of change of outcomes.
Item Medication non-adherence Diastolic blood pressure Systolic blood pressure Heart rate Parameter estimation P-value Parameter estimation P -value Parameter estimation P -value Parameter estimation P -value for sending reminders should be preprogramed and automated, and message delivery, receipt, and responses should be tracked automatically. To achieve this, inviting a third-party software company to design a reminder management system is necessary, particularly when an mHealth intervention is applied in real clinical settings. Table 5 Qualitative themes (n ¼ 10).
Theme Description Verbatim Exemplars
Cue to action
The intervention reminded participants to take medications.
"After receiving the reminder, I immediately check whether I have taken today's medications."
Useful
Participants felt the reminders were a useful tool for taking medication on time.
"The reminders you sent are helpful because sometimes I will forget taking my medications at noon."
Costeffective
Participants felt this mHealth program would not increase costs.
"I have Wi-Fi at home." "Receiving information from you does not increase costs at all. You don't need to worry." 4. Tailoring Participants wanted to receive tailored reminders and educational materials.
"I want to receive specific information about my disease."
Caring
Participants felt they were cared by others. "Receiving the reminders makes me feel that someone is caring about me." "Receiving reminders from a healthcare provider is very good, …, it makes me feel that I am cared by professionals. It strengthened my confidence of fighting against the heart disease."
